This study determined the effects of short-term energy inputs on ghrelin secretion and possible links with changes in the follicle population or the ovulation rate. Oestrous cycle was synchronized in 16 Manchega sheep using progestagen sponges and cloprostenol. Half of the animals were treated from days 0 to 4 by the oral administration, twice daily, of 200 ml of a glucogenic mixture containing 70% of glycerol, 20% of 1,2-propanediol and 10% of water; the control group received 200 ml water. The mean (GS.E.M.) plasma glucose increased immediately after the first administration (3.9G0.3 vs 3.0G0.1 mmol/l in control group, P!0.05), remaining statistically different during the treatment. However, plasma ghrelin levels were similar in both groups. On the other hand, the results indicated that short-term energy inputs modify ovulation rate (1.9G0.1 vs 1.3G0.2 in control group, P!0.05) by increasing the number of follicles able to be selected to ovulate during the period of treatment (R4 mm in size; 5.9G0.6 vs 4.3G0.4 at day 2, P!0.05). After sponge withdrawal, the number of these follicles decreased throughout follicular phase (5.8G0.8 to 1.5G0.4, P!0.0005) while the number of large follicles increased (R6 mm in size; 0.8G0.4 to 2.0G0.3, P!0.05); this would indicate an active growth of preovulatory follicles that were not found in the control group. Thus, the increases of ovulation rate by high-energy inputs would be caused by an enhancement in the developmental competence of preovulatory follicles. Reproduction (2008) 136 65-72 
Introduction
Nutrition is a major factor influencing reproductive success (O'Callaghan et al. 2000 , Webb et al. 2004 . Most of the studies on this area have been conducted in sheep and have shown that, in the female, both overfeeding and underfeeding affect the ovulatory processes, the quality of oocytes and early embryos, the development of the foetus and the viability of newborns . Nutrition influences may be obtained through changes in body weight and condition, either in a long-term ('static effect', in which heavy females have higher ovulation rates) or in a shortterm changes ('dynamic effect', by a higher feeding over 3-4 weeks before mating; Smith & Stewart 1990 , Scaramuzzi et al. 2006 . However, reproductive features may be also improved by supplying nutritional inputs in a very short period of time, less than 10 days, without changing body weight and condition (concept named as 'focus feeding' by Martin et al. 2004 ).
Focus feeding may be applied for enhancement of ovarian activity during the follicular phase, increasing the number and quality of ovulations (Munoz-Gutierrez et al. 2002 , Vinoles et al. 2005 . In brief, a supplementation for 4-6 days around timing of preovulatory follicle selection increases the ovulation rate over 20-30%, without changes in body weight (Scaramuzzi et al. 2006 ). This effect, termed 'immediate nutrient effect' or 'acute effect', was firstly described to be obtained by supplementing with lupin grains ('lupin effect'; Stewart & Oldham 1986 , Teleni et al. 1989 . Thereafter, numerous studies have reported the positive energy balance of short-term nutritional protocols with energy-yielding nutrients, such as lupin grain (Rowe & Ferguson 1986 , Smith & Stewart 1990 , Pearse et al. 1994 , Williams et al. 2001 , Munoz-Gutierrez et al. 2002 , corn grain (Landau et al. 1995 , Letelier et al. 2008 , infusion of nutrients, like amino acids and glucose (Teleni et al. 1989 , Downing et al. 1995 , Landau et al. 1996 , Rodríguez-Iglesias et al. 1996 , Rubio et al. 1997 , Munoz-Gutierrez et al. 2002 and metabolic hormones (insulin; Hinch & Roelofs 1986) .
These changes in energy balance would affect the ovary directly, being associated with increased folliculogenesis and ovulation rate (Scaramuzzi et al. 2006) . In fact, ovulation rate is increased by the administration of glucose and other energy-yielding substrates (glucogenic mixtures), either intravenously (Downing et al. 1995 , Munoz-Gutierrez et al. 2002 , intraperitoneally (Rubio et al. 1997) , orally (Rodríguez-Iglesias et al. 1996 , Williams et al. 2001 or infused into the abomasum (Landau et al. 1995) . Changes in folliculogenesis have been described to be consisting of an increase in the number of follicles larger than 3.5 mm, but without any effects on the number of smaller follicles (MunozGutierrez et al. 2002) . Although Vinoles et al. (2005) found that the number of ovulatory follicles (OFs) would be increased, ovulation rate remained unaffected.
However, there is a lack of information on the effects of focus feeding on follicular dynamics during the preovulatory wave, as highlighted in the review of Scaramuzzi et al. (2006) . The present study was developed shortly before the edition of such review. Coincidentally with the considerations of that review, the first objective of this study was to determine, by a serial real-time ultrasonographic study, the effects of a short treatment with a glucogenic mixture administered orally (as previously described by Williams et al. 2001) , on the follicle population and activity during the administration of the treatment and during the subsequent follicular phase for determining any relationship with possible changes in ovulation rate.
The immediate nutrient effect seems to be related to the large amounts of digestible energy that are provided, causing a high increase in plasma insulin and glucose (Williams et al. 2001 , Munoz-Gutierrez et al. 2002 . Several studies were focused in identifying the factor signalling nutritional effects on reproduction (Gong 2002 , Armstrong et al. 2003 , Hess et al. 2005 . Infusions of insulin increased the ovulation rate of ewes (Hinch & Roelofs 1986 , Downing et al. 1995 , suggesting a direct ovarian action of insulin later confirmed by studies of follicle dynamics (Hess et al. 2005) . Leptin has also been proposed to have an important signalling function in the reproductive system (Boland et al. 2001 , Spicer 2001 , since influences both glucose homeostasis and insulin effects (Cunningham et al. 1999 , Marie et al. 2001 . Vinoles et al. (2005) found that increases in circulating concentrations of glucose, insulin or leptin positively correlate with the follicle development and ovulation rate and proposed a direct effect at the ovarian level. However, such a relationship has still not been proven, which may imply the involvement of other factors (insulin-like growth factor and ghrelin among others).
Ghrelin is a novel factor involved in the control of energy balance and metabolism (Truett & Parks 2005) ; Ghrelin actively regulates feeding in domestic animals (Hayashida 2001) , its secretion being increased on fasting periods and decreased after feeding (Sugino et al. 2004) . There is also evidence that ghrelin is involved in reproductive function (Gaytan et al. 2003 , Barreiro & Tena-Sempere 2004 , Miller et al. 2005 , Tena-Sempere 2005 , García et al. 2007 . Ruminant species also seem to utilize the ghrelin system to modulate endocrine and metabolic responses to nutrition and energy balance (Harrison et al. 2007) ; however, little is known about its link with reproductive processes in these species. The data so far available strongly suggest that, through local and/or systemic mechanisms, ghrelin operates by integrating control of energy balance and reproduction (Tena-Sempere 2005) . Therefore, the second objective of this study was to assess the effects of the glucogenic treatment on plasma circulating levels of ghrelin linked to ovarian function.
Results

Effects of energetic supplementation on oestrus and ovulatory activity
The infusion of the glucogenic mixture had no effects on the onset of oestrus activity, but caused a significant increase in the ovulation rate (1.9G0.1 vs 1.3G0.2, P!0.05); the luteal function being adequate in both groups (2.8G0.3 vs 2.6G0.2 ng/ml of progesterone in control sheep). This acute effect was preceded by changes in metabolic status and follicle dynamics.
Effects of energetic supplementation on metabolic status
The supply of the glycogenic compound immediately increased the plasma glucose levels after the first day administration (3.9G0.3 in treated versus 3.0G0.1 mmol/l in control group, P!0.05; Fig. 1A ). These differences remained at statistically significant levels throughout the treatment. Postprandial ghrelin levels were similar in groups, remaining between 30 and 45 pg/ml during the treatment period (Fig. 1B) .
Follicle dynamics and function throughout the glucogenic treatment
The infusion of the glucogenic mixture caused a significant increase (P!0.05) in the number of total follicles R2 mm in size from values similar to found in control ewes prior to the treatment (mean number of 17.5G1.3 for control versus 15.6G1.4 in treated sheep, NS; Fig. 2A ). Thus, mean number of R2 mm follicles was higher in treated group between days 1 and 4 (23.7G1.7 vs 19.5G1.8 respectively; P!0.005). The same was observed when considering the number of follicles able to be selected to ovulate (R4 mm follicles in size, Fig. 2B ). The mean number was similar between treated and control sheep in the days prior treatment (4.1G0.2 for control versus 3.8G0.2 in treated sheep, NS) and increased thereafter to be higher during days 1-4 (4.6G0.3 for treated versus 3.9G0.1 in control group, P!0.05).
Follicle dynamics and function during the subsequent follicular phase
There were significant differences between treated and non-treated groups in the patterns of follicular development after stopping glucogenic infusion and sponge removal (Fig. 3) . The evolution profile of the number of smaller follicles (2-3 mm in size) was similar between groups; however, the developmental pattern of medium (4-5 mm; able to be selected to ovulate) and large follicles (R6 mm, ovulatory size) were different. Both categories remained stable in control group (2.4G0.4 to 2.7G0.6 for medium and 1.8G0.5 to 1.9G0.3 for large follicles). In treated sheep, the number of medium follicles decreased throughout follicular phase (5.8G0.8 to 1.5G0.4, P!0.001), while the number of large follicles increased (0.8G0.4 to 2.0G0.3, P!0.05), which would indicate an active growth to preovulatory sizes of some of the medium follicles. This is confirmed by the fact that the diameter of the largest follicle (LF1) increased through the follicular phase in the treated (5.6G0.6 to 7.0G0.3, P!0.05), but not in the control group (Fig. 3D ). There were no differences in oestradiol secretion at oestrus day, although tended to be lower in control group (3.5G0.5 vs 4.1G0.4 pg/ml). Coincidentally, the effects of large follicles on turnover of remaining follicles were similar between groups, although the number of regressing follicles tended to be higher in treated sheep (Fig. 4) .
The efficiency of the large follicles to ovulate was higher in treated than in control sheep. Ninety-two percent of follicles R6 mm in size ovulated in the treated group, while 74% ovulated in the control group; differences were even higher when considering follicles R5 mm (96% in treated versus 60% in control group). The analysis of the individual development of OFs showed that all of them, both in treated and untreated sheep, arose from antral follicles present in the ovary at the time when the sponge was removed; the size being larger in control sheep (6.3G1.1 vs 5.2G0.4 mm), although differences were not found to be significant due to a high variability. Thus, 7 out of 15 of OFs in treated animals were 4 mm in size at sponge withdrawal (46.6%); this was caused by the smaller size of the second OF (OF2) in sheep with double ovulations (6.3G0.5 for OF1 and 4.3G0.3 for OF2). Thereafter, the diameter of OF1 remained stable while OF2 increased during the follicular phase (P!0.001, rZ0.869); OF2 increased a mean of 2.6G0.4 mm (P!0.001), thus the final size was similar to OF1. In control group, OFs remained stable and, therefore, the overall mean size of OFs was similar between groups (6.5G0.2 in treated and 6.4G0.3 in control ewes). 
Discussion
The results of the present study indicate that short-term energy inputs modify ovulation rate by increasing both number and, which is more important, developmental competence (in terms of ovulatory efficiency) of ovarian follicles.
The immediate effect of nutrition is associated with an increase in ovulation rate (Scaramuzzi et al. 2006) ; however, the results are not consistent between authors (Stewart 1990 , Williams et al. 2001 , Vinoles et al. 2005 and very few studies report significant differences in ovulation rate; possible causes of differences may be related to the fact that ovulation rate is a discontinuous variable (Lindsay et al. 1993 , Vinoles 2003 . It is largely known that ovulation rate in sheep can be increased, at ovarian level, by a higher recruitment of follicles or a lower rate of atresia (Driancourt et al. 1990 , Scaramuzzi et al. 1993 . In the present study, the supply of energy increased recruitment of follicles, similar to that reported in previous studies in heifers (Gutierrez et al. 1997) . The number of follicles entering in the terminal growth phase increased in response to the supply of the glucogenic mixture from the very first administration; such an increase was detected both when considering the number of total R2 mm follicles and when considering separately follicles with 2-3 mm and follicles R4 mm; which is opposite to the previously reported absence of effects on the number of smaller follicles (Munoz-Gutierrez 2005) . Differences between both studies may be related by different effects of the protocol and the stimulus used. The other finding to be highlighted when analyzing the present results is the sharp increase in the number of follicles in response to the first glucogenic doses, while tending, to stabilize thereafter, thus allowing a reduction in the number of doses. Such action would facilitate the applicability of treatment, and even would improve the results by avoiding waste and ageing of follicles prior to sponge removal.
In the present study, both the number of small (2-3 mm in size) and the number of medium follicles (4-5 mm in size) were higher in treated sheep at sponge removal; conversely, the number of R6 mm follicles was lower than in control ewes. Thereafter, during the follicular phase of control sheep, the patterns and features of follicular development were similar to previously described for Manchega breed (Gonzalez-Anover et al. 2006) . However, in treated sheep, there was an active growth of the follicles to larger sizes. Thus, the number of OFs was the same in control and treated sheep at the onset of oestrus behaviour, which is again different to previously described (Vinoles et al. 2005) and, again, it would be necessary to elucidate possible causes of such differences. However, although the number of preovulatory, and even non-ovulatory, follicles was the same, the ovulation rate was finally higher in treated sheep. If the number of preovulatory follicles is the same, the difference may be related to a higher chance to ovulate of the follicles in the treated group. In fact, the data indicate that most of the preovulatory follicles in control sheep are in the static phase while treated females have most of their follicles in the growing phase.
The presence of OFs in the growing phase in sheep has been related to increased ability to ovulate and higher fertility when ovulating (Ungerfeld & Rubianes 1999 , Vinoles et al. 1999 . Thus, overall, the present data indicate that the higher ovulation rate found in treated sheep may be related to an increased developmental competence of their follicles. Whether this effect may affect not only follicular growth and ovulation (Webb et al. 2004) but also oocyte quality (Armstrong et al. 2003 ) and fertility could not be elucidated in the present trial, but arises as an objective for further studies. Other possible objectives for studies in the near future may be related to effects of glycogenic supplementation on patterns of follicle-stimulating hormone (FSH) and/or luteinizing hormone (LH) secretion. Both FSH and LH have a key role in the final development of large estrogenic follicles to ovulation. In the well-known model of Scaramuzzi et al. (1993) in sheep, an increase in ovulation rate would depend on either an increased gonadotrophin-responsive follicle pool or an extended period of FSH-induced growth prior to the pre-ovulatory LH surge. Studies comparing control sheep and animals food supplemented for a long time indicated that the main cause of increased ovulation rate is related to higher FSH levels, which promote the recruitment of a higher number of gonadotrophin-responsive follicles during an extended period of OF recruitment (Vinoles et al. 2002) . The role of Figure 4 Mean number (GS.E.M.) of (A) follicles newly recruited, (B) growing in size and (C) regressing in size during the follicular phase (day 0Zday of oestrus) in sheep that received a short-term energy input (black bars) and in ewes at maintenance levels (white bars). nutrition on LH pulsatility remain to be elucidated, although the results of different studies indicate a lack of effects on LH secretion.
The second objective of this study was to assess the effects of the glucogenic treatment on plasma concentration of ghrelin and possible links with ovarian activity. Ghrelin has a role in the regulation of glucose in ruminants (Takahashi et al. 2006) but, in the present study, there were no significant differences in ghrelin secretion between groups although there was a sharp increase in glucose levels. The results showed a higher, although nonsignificant, decrease in plasma ghrelin levels in treated sheep, which could be related to the fact that ghrelin concentrations are described to show an immediate decrease after feeding (Sugino et al. 2004 , Takahashi et al. 2006 , Wertz-Lutz et al. 2006 ). Statistical analysis was not able to establish any relationship between differences in ovarian activity and plasma ghrelin levels.
The possible causes of the lack of differences and effects in the present study may be related to the fact that energy balance is regulated by multiple pathways in ruminants that use strategic opportunities from the energy point of view to adapt to the environment, affecting short-term reproduction ). This fact hinders efforts for unveiling links between energy balance and reproduction. Both extraovarian (e.g. metabolic hormones) and intraovarian factors (e.g. growth factors) seem to be involved in mediating the effects of nutritional changes in follicle dynamics and oocyte quality (Boland et al. 2001) . The original signal would be the change in glucose, which influences many reproductive hormones and factors (Rodríguez-Iglesias et al. 1996) and increases folliculogenesis and ovulation rate (Scaramuzzi et al. 2006) . Thus, a short-term infusion of glucose induces an immediate increase in leptin and insulin, which remained high during the period of treatment (Scaramuzzi et al. 2006) . Insulin and leptin have become the focus of intense interest as potential metabolic signals directly regulating the ovary (Vinoles 2003 , Munoz-Gutierrez 2005 . Leptin has a reciprocal regulatory relation with ghrelin, a messenger coming directly from the gastrointestinal tract (Kalra et al. 2005) . Nutrition is hypothesized to be regulated by cholecystokinin, leptin and insulin, decreasing food intake and ghrelin, and increasing food intake (Bronson 1998) . Cholecystokinin and ghrelin regulate food intake in the short term, whereas leptin and insulin regulate food intake over longer periods (Gorissen et al. 2006) . The interaction of these pathways may be masking the results of present and other different studies and make the development of further studies necessary.
In summary, the present results indicate that a shortterm nutritional supply with energy-yielding substrates (glucogenic mixtures) favours follicle development and increased ovulation rate. Such effects are mediated by the generation of a transitory positive energy balance that was not found to be related with changes in ghrelin secretion.
Materials and Methods
Animals and experimental design
A total of 16 Manchega sheep, 4-6 years old, were used. The ewes were maintained indoors with access to outdoor facilities at the experimental farm of the INIA Animal Reproduction Department in Madrid, Spain, latitude 408N; which meets the requirements of the European Union for Scientific Procedure Establishments. Sheep had free access to water. The basal diet consisted of 70% straw and 30% concentrate on dry matter basis, covering daily maintenance requirements. At the moment of feeding, the ewes were placed in individual pens. The diet was analysed for dry matter (DM) and metabolizable energy (ME) as previously described by Cundiff (1995) , resulting in 88.7% DM and 3.00 Mcal/kg (12.55 MJ/kg) for commercial pellets and 90.9% DM and 2.10 Mcal/kg (8.79 MJ/kg) for straw respectively. The nutritional necessities were calculated according to Agricultural and Food Research Council (AFRC) Manual (1993) for daily maintenance requirement (M m ) based on ME ((M m (mJ/day))Z(FCA)/K m , where F is the fasting metabolism and A the activity allowances). The experimental procedure was conducted at the end of June, during the transition from non-breeding to breeding season (Gomez-Brunet & Lopez-Sebastian 1991); all the animals in the experimental group were cycling, as confirmed by detecting the presence of corpora lutea by ultrasound.
In all the animals, the oestrous cycle was synchronized with the insertion of one intravaginal progestagen-impregnated sponge (45 mg fluorogestone acetate, Chronogest; Intervet International, Boxmeer, The Netherlands), for 6 days (Ungerfeld & Rubianes 1999, Knights et al. 2001) , plus an i.m. injection of 125 mg of a prostaglandin analogue (cloprostenol, Estrumate; Essex Animal Health, Friesoythe, Germany), at sponge insertion, for induction of luteolysis.
Two days after progestagen sponge insertion (day 0 of the experimental period), body condition (meanGS.E.M. of 4. 05G0.06; 1Zemaciated, 5Zobese; Farmnote 69, 1994, www.agric.wa.gov .au/aboutus/Pubns/farmnote_index.htm) and weight (70.86G2.86 kg) were determined in all the sheep. Half of the animals, irrespective of any parameter, were randomly allocated in one of two experimental groups. In the treated group, ewes received for 5 days (days 0-4) by the oral administration, twice daily, of 200 ml of a glucogenic mixture. This formulation was adapted from Williams et al. (2001) and contained 70% of glycerol (Panreac Quimica SA, Barcelona, Spain), 20% of 1,2-propanediol (Panreac Quimica SA) and 10% of water. The remaining animals received 200 ml water, twice daily, acting as control group.
The effect of treatment on plasma glucose and ghrelin levels was assessed, from days 0 to 4, in blood samples (10 ml) drawn from jugular every 12 h, coincidentally with the oral treatment. Samples were obtained using vacuum blood evacuation tubes containing heparin (Vacutainer Systems Europe, Becton Dickinson, Meylan Cedex, France). Immediately after recovery, blood samples were centrifuged at 1500 g for 15 min, and plasma was removed and stored at K20 8C until assayed. The ewes were again weighed and evaluated for body condition on the day after the end of glucogenic treatment (day 5). There were no significant changes in any variables (body weight and condition) when comparing days 0 and 5 (Table 1) . The effect of treatment on follicle dynamics and oestradiol secretion was evaluated by daily ultrasound scanning of the ovaries and determination of plasma oestradiol levels prior to the onset of oestrus behaviour. On day 4, coincidentally with the last treatment dose, the sponges were removed. Thereafter, detection of onset of heat behaviour was performed with trained rams, twice daily from 24 h after progestagen withdrawal.
Assessment of follicles and corpora lutea by ultrasonography
For determining the effect of glucogenic treatment on follicular population, the total number of follicles R2 mm in diameter present in both ovaries during the period of progestagen insertion and glucogenic supply (days K2 to 4) was considered. For determining effects on follicle dynamics during follicular phase, individual assessment of every R2 mm follicle was performed from progestagen withdrawal (day 4) to day of oestrus detection. For determining effects on ovulation rate, the number of corpora lutea was determined on day 9 after sponge removal.
Ovaries were examined by transrectal ultrasonography using a real-time, B-mode scanner (Aloka SSD 500; Aloka Co. Ltd, Tokyo, Japan) fitted to a 7.5 MHz linear-array probe, as previously described and validated in our laboratory (Gonzalez-Bulnes et al. 1994) . In every observation, each ovary was scanned several times from different angles in order to determine number, position and size of all R2 mm follicles or number of corpora lutea. During the follicular phase, the largest diameter of each of these follicles was measured and its position was recorded on a diagram of each ovary.
Ultrasonographic data were summarized to characterize patterns of follicular development. All follicles recorded by ultrasonography were classified by largest diameter for assessment of possible effects of time of treatment on the number of follicles of various size categories. Four groups were categorized: total follicles (R2 mm in size), large (R6 mm), medium (4-5 mm) and small follicles (2-3 mm). After this, during follicular phase, the number of new follicles (not previously detected), growing follicles (those that increased in size with respect to the previous day) and decreasing follicles (those that decreased in diameter with respect to the previous day or disappeared) were also considered. The size of the LF1 and the OF were recorded every day.
Nine days after sponge removal, the ovulation rate was assessed by counting the number of corpora lutea by ultrasonography; coincidentally, a blood sample was drawn as described above for assessing plasma progesterone and, thus, luteal function.
Determination of glucose and hormones (ghrelin, oestradiol and progesterone)
Glucose concentrations were measured using a Glucose RTU glucose meter (bioMeriuxSA, Marcy-l'Etoile, France). Sensitivity for glucose was 0.07 mmol/l and the inter-and intra-assay coefficients of variation were 3.0 and 2.0% respectively.
Plasma ghrelin concentrations were measured using Ghrelin RIA Kit (Phoenix Pharmaceuticals, Inc., Burlingame, CA, USA). This assay is specific for the first 11 AA of ghrelin, which are highly conserved among species, and detects 'total' ghrelin, including Ser3-octanoyl and Ser3-des-octanoyl ghrelins. Inter-and intraassay coefficients of variation were 10.5 and 13% respectively. The detectable range for the ghrelin assay was from 10 to 1280 pg/ml. IC 50 in this assay system were 102.1 pg/ml.
The concentration of peripheral oestradiol was measured using the Spectria RIA kit (Orion Diagnostic Corp., Espoo, Finland), as described by Romeu et al. (1995) and adapted for use in ovine plasma (Gonzalez-Bulnes et al. 2003) . Sensitivity for oestradiol was 5 pmol/l and the inter-and intra-assay variation coefficients were 17.6 and 18.1% respectively.
Plasma progesterone concentrations were measured with a commercially available direct solid-phase RIA kit (Coat-A-Count; Diagnostic Products Co., Los Angeles, CA, USA). Sensitivity for progesterone was 0.03 ng/ml and the inter-and intra-assay variation coefficients were 4.0 and 3.6% respectively.
Statistical analysis
Evaluation of body weight at the beginning and end of the supplementation period was done by ANOVA and body condition score was done by Fisher's exact test. The effect of treatment on plasma concentrations of glucose and ghrelin, and on the number and size of follicles and characteristics of preovulatory follicles throughout the entire period of study was assessed by a split-plot ANOVA, followed by Kruskal-Wallis test, when Levene's test showed non-homogeneous variances, and by Pearson correlation analysis and linear regression procedures followed by Spearman non-parametric correlation tests where appropriate for non-homogeneous variables. Effect of treatment on oestradiol levels at oestrus, ovulation rate and plasma progesterone was estimated by the ANOVA. All results were expressed as the meanGS.E.M. and the statistical significance was accepted for P!0.05. 
